Exposure to secondhand smoke (SHS) is known to be harmful to health. However, the association between household SHS and cognitive function among middle-aged and older women in China is understudied. Lagged dependent variable regression was used to examine the association between household SHS exposure and the cognitive function of married women who had been exposed to SHS, using data from 2 waves of the China Health and Retirement Longitudinal Study (CHARLS, 2011(CHARLS, -2013. Controlling for age, educational attainment, geographic residence, household expenditures, and chronic conditions (i.e., hypertension, diabetes, and depressive symptoms), the results indicated that longer SHS exposure was associated with a greater decline in memory over 2 years. After comparing differences across age groups, this pattern was significant for women aged 55-64 years. Furthermore, those who were illiterate, lived in rural areas, and reported depressive symptoms had a greater decline in memory. With evidence linking household SHS exposure with a higher risk of cognitive decline, effective education and public health intervention programs are urgently needed. Stronger tobacco control regulations and education about the dangers of household SHS are viable strategies to reduce the impending dementia epidemic in China. aging; cognitive function; household secondhand smoke; longitudinal study; women Abbreviations: CHARLS, China Health and Retirement Longitudinal Study; SHS, secondhand smoke.
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The prevalence of cognitive impairment is rising in China. In 2011, national figures estimated that around 9% of older persons in China had cognitive impairment (1) . The World Health Organization projects that, by 2050, 10 million older Chinese will have dementia (2) . Cognitive impairment refers to reduction of ability in various tasks, such as memory, learning, concentration, language, and reasoning, that might affect a person's everyday life (3, 4) . People with mild cognitive impairment have a 10-fold increased risk of later developing greater levels of cognitive impairment common in Alzheimer's disease and other dementias (5) . Furthermore, the lifetime risk of cognitive impairment is disproportionately greater in women because they live longer and are more vulnerable to cognitive decline than men from a neurobiological standpoint (6, 7) .
Recent evidence has demonstrated that exposure to secondhand smoke (SHS), also called passive smoking, is associated with greater risk of cognitive impairment in older adults (8) (9) (10) . SHS is the major source of indoor air pollution worldwide (11) and contains hundreds of carcinogenic chemicals. The ingestion of carcinogens may lead to cognitive impairment by increasing oxidative stress (5, 12, 13) . Cross-sectional evidence has demonstrated that SHS exposure within the home is associated with a higher risk of Alzheimer's disease and other dementias (8-10, 14, 15) . Specifically, longer exposure to SHS has been reported to increase the risk of Alzheimer's disease and vascular dementia (9, 10, 16) .
China is the world's largest producer and consumer of tobacco. The prevalence of smoking in China is high, with 350 million active smokers and 740 million passive smokers in 2010 (17) . Chinese women are more likely to be passive smokers and are heavily exposed to SHS at home because many live in households with husbands or other family members who smoke cigarettes. In 2010, nearly 50% of nonsmoking Chinese women were exposed to household SHS, and SHS exposure was even more common in rural China (18) . However, there is a paucity of research addressing the relationship between SHS and cognitive function among older women, especially those residing in China. There is even less research using a longitudinal design in this area of inquiry.
The primary aim of this study was to address this gap by examining the association between household SHS exposure and changes in the cognitive function of older, married women over the course of 2 years, using longitudinal, national survey data from China. The longitudinal data and our analytic approach provided an opportunity to contribute new knowledge about correlates of cognitive impairment among older Chinese women, particularly concerning environmental factors. Examining the relationship between SHS and cognitive function is also important for understanding the environmental etiology of adverse cognitive outcomes among older women in China. The secondary aim of the study was to examine whether the association between SHS exposure and cognitive function varies across different age cohorts. Prior longitudinal research has suggested that cognitive decline is already evident in middle age (ages 45-49 years) (19) , and as such, the inclusion of a middle-aged group in this study is a crucial addition to the literature. Further, a descriptive study on the prevalence of age-associated memory impairment has found that the age-specific prevalence rate of age-associated memory impairment is highest in adults aged 60-64 years (45.7%) and lowest in those aged 75-78 years (20) . Also, studies of active smoking and cognitive impairment among the Chinese population suggest that older current smokers (with an average age of 63 years) were more likely to develop cognitive impairment compared with the oldest smokers or never-smokers in China (1, 21) . Thus, it is critical to investigate whether the probability of cognitive decline is also high among the older women who were exposed to SHS within similar age ranges, and to examine whether the risk of cognitive decline varied across different age cohorts ranging from mid-life to the oldest. Comparing the influence of SHS exposure across these age groups could help to identify whether certain age groups are at higher risk of cognitive decline than others. This study is vitally important to inform policy and programs aimed at reducing household SHS exposure and ultimately cognitive impairment in China.
METHODS

Data
Data for this study were from 2 waves of the China Health and Retirement Longitudinal Study (CHARLS, 2011 (CHARLS, -2013 , which included interviews with a nationally representative sample of adults aged 45 years or older, as well as their spouses when possible. The sample was obtained through multistage cluster sampling, with an overall response rate of 80.5% (nearly 64.15% in rural areas) (22, 23) . The national baseline survey of CHARLS was conducted between June 2011 and March 2012 and included 17,705 respondents from 10,257 households. At baseline, there were 6,248 women who never smoked cigarettes and were aged 45 years or older, married, and living with spouses who had either smoked cigarettes in the past or smoked at the time of interview. Of these, 5,119 respondents were interviewed again during the second wave of data collection in 2013. Our final sample was composed of 2,037 respondents who had completed both surveys and provided complete data for all study variables.
Measures
Cognitive function. CHARLS included items for cognitive function similar to those used in the Health and Retirement Study, which were components of the Telephone Interview of Cognitive Status battery (24) . The Telephone Interview of Cognitive Status is a telephone version of the Mini-Mental State Examination and assesses cognitive function (25) . An analysis by McArdle et al. (26) of the Health and Retirement Study data suggested 2 factors to adequately capture cognitive function: one factor related to episodic memory and a second factor related to other tasks of the Telephone Interview of Cognitive Status battery. Based upon this suggestion and recommendations from previous studies using the CHARLS data (27, 28), we constructed 2 measures of cognitive function. In CHARLS, memory was assessed through an immediate word recall based on respondents' capacity to immediately repeat, in any order, 10 Chinese nouns just read to them, followed by a delayedrecall test of respondents' ability to repeat the same list of words 4 minutes later (24, 25) . A single score of memory was calculated by averaging the immediate-and delayed-recall scores, and it ranged from 0 to 10.
In addition to the memory tests, CHARLS included some components of the mental status questions of the Telephone Interview of Cognitive Status battery. Our second measure of cognitive function was based on these questions and included items on orientation, visuoconstruction, and numeric ability. Orientation was assessed by asking respondents to name the current day's date (month, day, year) and season and to identify the correct day of the week. Visuoconstruction was assessed by asking respondents to accurately redraw a previously shown picture. Numeric ability was assessed through the serial sevens test, which asks respondents to subtract 7 from 100 (up to 5 times), and whether additional explanation or an aid such as a paper and pencil was needed to complete the task. Scores on these items were aggregated into a single score that ranged from 0 to 11 and was labeled as mental status (28) . For both measures, higher scores indicate better cognitive function (27, 28) .
Secondhand smoke. Exposure to SHS among Chinese women was assessed through several survey items that asked husbands and wives about cigarette smoking at home. Both husbands and wives were asked about the year they got married, whether they had ever smoked, if they were currently smoking cigarettes, and the age or year when they started and stopped smoking. The length of SHS exposure was calculated to reflect the total number of years that never-smoking women lived with spouses who smoked cigarettes at home.
Control variables. Given that cognitive function may vary across educational levels and across health and socioeconomic status, we included age in years, urban/rural residence, education (illiterate, primary education, or at least secondary education), household expenditures, and chronic diseases as control variables (27) (28) (29) (30) . To measure financial resources, we calculated the annual household expenditures. The existing literature has shown that expenditures are a better measure of economic resources available to the family in developing countries than is income (31) . The summed total of annual expenditures was log transformed. Physical health conditions included hypertension and diabetes, as well as whether participants were being treated for those conditions. The measure of depressive symptoms was based on responses to the 10-item version of the Center for Epidemiologic Studies Short Depression Scale. Each of the items has 4 response options coded from 0 to 3. The total score is the sum of points for all 10 items. A dichotomous variable was created using a score of 10 or greater to indicate the presence of depressive symptoms (32) .
Analysis
To examine the association between SHS exposure and cognitive function, we used lagged dependent-variable regression models with ordinary least squares estimation. The lagged dependent-variable model is superior for analyzing the effects of predictor variables on an outcome with 2-wave panel data while controlling for the influence of time-invariant variables (33, 34) . In our models, the length of SHS exposure was the predictor variable, and memory and mental status were 2 separate outcome variables with controls for the influence of age, education, household expenditures, urban/rural residence, and chronic diseases. Prior to fitting the regression models, descriptive analyses were conducted to estimate the mean, frequency, and missing values of key study variables for the entire sample and for the different age groups. All analyses and procedures were conducted in SAS, version 9.4 (SAS Institute, Inc., Cary, North Carolina).
Due to attrition from the baseline to the follow-up survey and missing data on study variables that did not occur at random, we used multiple imputation with multivariate normal distribution to replace those missing cases and adjust for this potential bias. While 2-10 imputations are recommended (35), we chose to create 10 imputed data sets to maximize the adjustment for this potential bias. The imputed data sets were analyzed separately, and the results were combined in a way that accounts for variation in the imputed values (36) . Table 1 provides a descriptive summary of the variables for all study participants and according to age group. For the entire sample, women were 57 years old on average at baseline, and the majority completed primary education. Nearly two-thirds of the respondents lived in rural areas, and the average duration that women were exposed to SHS was 30 years. The group aged 65 years or older had the highest proportion of hypertension, diabetes, and depressive symptoms, as well as the lowest education levels, compared with the other 2 groups. The mean scores of memory and mental status significantly decreased across age groups. In comparison with the group aged 45-54 years, the mean scores of memory and mental status among the group aged 55-64 years were lower. Overall, changes in the scores of memory (from 3.91 to 3.87) and mental status (from 6.82 to 6.66) between the 2 waves were significant (for memory, t = 4.30, P < 0.001; for mental status, t = 4.92, P < 0.001).
RESULTS
Results from the regression models for the relationship between SHS exposure and each measure of cognitive function for all respondents are reported in Table 2 . Scores of memory and mental status among women in 2011 were a strong predictor of their corresponding cognitive function measures 2 years later. Higher baseline scores predicted better performance in memory and mental status in 2013. After controlling for the health and demographic variables, as well as baseline scores of memory and mental status, we found that exposure to SHS significantly predicted a decline in memory but not in mental status. For each 1-year increase in the length of SHS exposure, there was an additional 0.01-point decline in scores of memory in the 2013 follow-up. Therefore, SHS exposure was associated with a greater decline in memory over a 2-year period.
For each 1-year increase in age, there was an additional 0.03-point decline in scores for memory. The association between education and memory was strong, as higher levels of education protected against memory decline. Compared with illiterate respondents, the memory score in 2013 for those who finished at least primary education was 0.62 higher, and for those with secondary education or above, the score for memory was 1.26 higher. Moreover, respondents living in urban settings had higher scores in memory than respondents living in rural areas.
Depressive symptoms also significantly predicted declines in memory and mental status. In our study sample, the magnitude of memory decline among those with depressive symptoms was 0.21 greater than among those without depressive symptoms, and the magnitude of the decline in mental status among those with depressive symptoms was 0.30 greater than those without depressive symptoms. Similarly, urban residence, more education, and higher household expenditures (a proxy for wealth) significantly predicted a lesser degree of decline in mental status.
We further explored whether the association between SHS exposure and memory varied by age among the 3 age groups: 45-54 years, 55-64 years, and 65 years or older. As shown in Table 3 , a significant relationship was found between SHS exposure and memory for the group aged 55-64 years. In this age group, for each 1-year increase in exposure to SHS, there was an additional 0.01 decline in scores of memory. Memory was better among the Chinese women who were living in urban environments than among their rural counterparts.
DISCUSSION
To our knowledge, this study is the first investigation of cognitive function in relation to household SHS exposure for middle-aged and older women in China using longitudinal data. We found that longer SHS exposure was related to greater declines over time in memory scores in this population-based sample. On average, the negative coefficient indicated that, compared with those not exposed to SHS, women with SHS exposure have a greater decline in memory scores. We also found that among women aged 55-64 years, greater exposure to SHS was related to greater declines in memory scores. No association between SHS exposure and cognitive function was observed in women aged 65 years or older, perhaps due to the relatively few cases in this age group. A larger sample may be needed to detect significant effect for this group.
Despite the small regression coefficient (0.01), our findings are not trivial given that the average score of memory declined 0.04 points over the 2-year period. Additionally, our finding is quite similar in magnitude to prior research on the relationship between age and cognitive function (score declines of -0.043 for memory and -0.035 for mental status) using the 2011 CHARLS data (27) , and a larger coefficient tends to be found in cross-sectional studies (37) . The existing literature suggests that the "significance of effect" cannot be judged only by the P value or the regression coefficient but also by the confidence interval (37) . In the present study, the 95% confidence interval for SHS on memory is small, which provides some evidence that the association between SHS and memory is high (see Tables 2 and 3) . Women between the ages of 55 and 64 years who had longer exposure to household smoking in their marriage also demonstrated lower scores on memory 2 years later, after controlling for levels of education, geographic residence, household expenditures, chronic diseases, and baseline memory score. The present findings are important in strengthening the view that exposure to household SHS can hasten the onset of cognitive impairment for older Chinese women. Our study also highlighted that education protected cognitive function from decline among these older Chinese women. Educational levels for older Chinese women are generally quite low, and they are even lower within the oldest cohorts. Findings from our investigation show that even some level of education could prevent the decline of cognitive function. Given the socioeconomic development occurring in China, there have been impressive improvements over time in educational achievements, especially for women (27) , which may lead to better cognitive function in several dimensions (38) . In line with previous studies (27, 28, 30) , we found that older women with depressive symptoms had lower cognitive function. Thus, screening and treatment for depressive symptoms presents another opportunity for interventions that could improve the cognitive function of older Chinese women.
Prior research suggests that cognitive impairment tends to begin at younger ages in China than in Western countries. Existing evidence indicates that cognitive impairment is common among adults in the Chinese population starting near age 55 years (39) , whereas in Western countries such cognitive impairment tends to occur approximately a decade later (around age 65 years) (9, 10). The earlier age of onset may be one reason that could explain the significant cognitive decline among the cohort of women aged 55-64 years who were exposed to SHS over a longer period of time. Women within this age group are at risk due to their older age and lower education. It is also noteworthy that the majority of respondents in our sample were from rural China. Given the combination of cohort influences and inefficient cognitive screenings in China, particularly in rural areas, it is not surprising that a significant association between SHS exposure and memory decline is found among this age group. In contrast, cognitive decline was not observed among the youngest group in our study, likely due to the combined protection of younger age and higher education. In addition, despite minimal influence, selection bias might have influenced the results. For the oldest group in our sample (those aged 65 years or older), it is possible that participants were cognitively and physically healthier than women of the same age who did not participate in CHARLS. Along these same lines, those who experienced higher health risks from environmental toxins such as SHS exposure might have suffered a premature death. The absence of a direct association between SHS exposure and mental status suggests that clinical research is needed to investigate the exact mechanism by which SHS exposure affects cognitive function pertaining to memory but not to other cognitive functioning. Perhaps future research can identify a specific gene or other biomarkers that clarify how SHS exposure affects domain-specific cognitive capacity.
Limitations of the present study should also be noted. First, given the small sample of male passive smokers as well as women aged 65 years and older, it is difficult to test the interactions of sex and SHS exposure, or age and SHS exposure, on cognitive function. Thus, the connections between SHS exposure and cognitive function found in the present study should be tested more rigorously using larger samples and longer-term panel data. Second, as with any longitudinal study, selective attrition and inadequate control of all potentially related variables could have influenced the findings. Third, self-reported responses may underestimate or overestimate exposure to SHS (40) . Future research could include additional observed or biological measures of SHS and cognitive functioning to improve the precision of measurement.
Despite these limitations, findings from this study call for public health policy in tobacco control and smoking cessation to eliminate SHS exposure in households. In many regions of China, particularly rural communities, offering a cigarette to guests is a common and highly valued social custom (41) . Policies should involve widespread public education about the harmful effects of SHS exposure to inform and change individuals' attitudes and social customs. Sustainable efforts, including school-based anti-SHS education for children and young adults as well as community-based education for middleaged and older adults, are needed to raise awareness of the hazards of SHS. Many rural areas in China lack the counseling, medication, and information to address tobacco addiction. As a result, it is difficult for smokers to quit smoking. SHS does not have a safe level of exposure, nor can the risk be completely mitigated through ventilation or filtration (42) . The health of nonsmokers can be protected only through completely smokefree environments (43) . Therefore, education on SHS is crucially important to empower every nonsmoker to prohibit smoking indoors to reduce household SHS exposure, especially for women.
Furthermore, smoke-free laws and regulations should be enforced through action by county-and city-level governments. Results of this study showed that the cognitive function of Chinese women in 2011 was a strong predictor of their cognitive function 2 years later. Therefore, cognitive health screenings for the middle-aged and younger elderly populations in urban and rural communities should be recommended, because early screening tests and behavioral interventions including SHS cessation could postpone or prevent the onset of dementia. Campaigns for SHS cessation should be required by the government and implemented in schools, hospitals, workplaces, public areas, and communities, particularly in rural areas (44) . In addition, multimedia communication strategies-including television, radio, billboards, newsprint, and the Internet, as well as newer technological, smartphone-based social-networking systems-may be worthwhile to warn the Chinese people about the health hazards associated with SHS. Previous research has suggested that health warnings located directly on the cigarette packaging are an effective tool to curb individual smoking (17) . More effective warning labels, such as pictorial warnings about SHS, should be located on the front of cigarette packaging in China to raise public awareness of SHS hazards, particularly among rural residents and those who are less educated.
